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Abstract: Climate changes are nowadays reality and affect all aspects of everyday life. One of
the places where these changes influence the society the most is the Brazilian Ceará region and
Jaguaribara basin that suffer long-lasting, devastating drought cycles. They have a dramatic negative
impact on local economy, forcing change in business models. This work presents the valorisation
of wastes and residues from local fish, prawns, and the vegetable-cultivation industry via biogas
production forced to adapt to these new circumstances. Along a single year, as much as 189.74 tonnes
of wastes and residues can be processed by the biogas production facility, producing as much as
94 GJ of cooling energy and 1 tonne of biofertiliser monthly. Even for such a small biogas production
facility, the NPV is positive already after 11 years; its IRR is 6.2%, and accumulated ROI for 20 years
of operation is as high as 77.8%. This work demonstrates that a valorisation of industrial wastes and
residues via biogas production is a feasible solution for a specific industrial scenario addressing new
socio-economic challenges for the particular enterprise.
Keywords: energy; fish residues; anaerobic digestion; waste valorisation; biofertiliser; biogas
1. Introduction
Over the last few decades, Brazil has experienced devastating cycles of prolonged
drought. The most affected region of Brazil is Ceará, the Northeast state regularly affected
by consecutive years of insufficient rainfall. This drives to the frequent serious water
limitations including severe situations such as a declaration of a state of emergency in
some cities, including the state capital, Fortaleza. These restrictions strongly influence
the local industries, too. The most affected are those focused on the primary production,
e.g., tilapia fish and associated industries. Only in 2015, 219,000 metric tonnes of Nile
tilapia (Oreochromis niloticus), which is one of the most common varieties in Brazil, was
caught for further processing or direct consumption [1]. Tilapia viscera oil is a valuable
feedstock for the biofuel industry [2] and other value-added applications [3]. Therefore, a
significant water shortage in the entire region and inadequate water management together
with a limited rainfall and high evapotranspiration caused by the elevated temperature
around the year have a significant influence on the local business environment. This in
turn has a direct impact on the local communities as a significant part of the population
is directly employed in the agriculture and fish farming areas. Furthermore, constantly
increasing Ceará’s municipalities and progressing industrialisation put additional pressure
on water demand from the nearby Jaguaribe basin. To answer these needs and to mitigate
undesired climate changes, in 2003, a 6700 Mm3 [4] Castanhão reservoir was commissioned.
Its main aim was to increase storage capacity and ensure water flow throughout the year,
as well as to prevent potential flooding once the climate condition changed. Nevertheless,
Energies 2021, 14, 2519. https://doi.org/10.3390/en14092519 https://www.mdpi.com/journal/energies
Energies 2021, 14, 2519 2 of 14
just to picture the devastating effect of drought, it is worth mentioning that the lowest
registered water reserves were observed in February of 2019 with only 3.75% of Açude
Castanhão total capacity occupied [5]. So low water amount has a dramatic effect on the
concentrations of dissolved salts and oxygen levels, making the quality of water very
low and inappropriate for any agricultural and aquaculture activities. Another serious
consequence of the Açude Castanhão water-volume reduction is the accumulation of
nutrients causing a significant increase of algal density and cyanobacteria blooms, resulting
in an extensive eutrophication. In consequence, in 2015, a tilapia fish population was
radically reduced, causing losses for local economies estimated at 18 million Brazilian
Reals [6] (ca. 2.7 million €, 1 € = 6.6 Brazilian Reals).
The main challenge worldwide, including in Brazil, is waste management [7]. For this
reason, biogas production seems to be a viable solution for a waste management and as a
source of additional economic benefits especially when organic fraction is considered as a
part of biorefinery concept [8]. Despite successful development of several other technolo-
gies in the renewable energy sector, especially bioethanol and biodiesel, biogas has not
reached a similar level of interest in Brazil [9]. It is especially unusual because the biogas
production potential in Brazil is estimated at the level of 57 and 84 billion m3 annually. The
major source of biogas can be the anaerobic digestion of cattle manure that can produce on
average a 26.3 TWh/year of electricity. Summing this up with the electricity production
from the organic fraction of municipal residues, the overall electricity production in Brazil
is somewhere between 31.52 and 48.72 TWh/year [10]. Hence it is peculiar that such little
attention has been paid to the sector [11] especially since these numbers demonstrate that
as much as 5% of all installed capacity in Brazil, i.e., 4.5–6.9 GW, could be satisfied by
biogas if successfully implemented [10]. One of the reasons for this might be a specificity
of Brazil, especially in the areas of policy support, e.g., underdeveloped public policies
and technological, e.g., logistics issues, technical, and technological difficulties, etc. These
constrains drive to questions about the economic feasibility of biogas production. Never-
theless, Dardot Campello et al. demonstrated that with adequate development of public
policies, i.e., the electricity generation from biogas production in the anaerobic treatments of
sewage sludge, the majority of municipalities with a population of only 50,000 inhabitants
would have an average payback period of only 2.61 year [12]. Similar conclusions on the
economic feasibility of biogas installations are valid for other countries and feedstocks, too.
For example, Wattanasilp et al. demonstrated that industrial cassava starch wastewater
treatment towards biogas production is a value-added option for valorisation of such
residues [13]. These and other examples [14] are of special importance when considering
that biogas production can be extended beyond the use of waste valorisation for electricity
purposes and can be a relevant factor for the enrichment of the renewable natural gas
system. In this context, Assunção et al. concluded that the integration of key advances in
biogas production in the technology roadmap for natural gas can significantly widen the
potential for implementation of this technology for better valorisation of waste streams
leading to more enhanced energy-based upgrading [15].
From the feedstocks point of view, numerous raw materials were considered for biogas
production. Yet, use of fish residues for biogas is rather limited. It is especially relevant
as fish processing in particular from aquaculture has had significant increase in the last
decade [16]. Recirculation aquaculture systems (Figure 1) have gained importance due to
the comparative advantages over conventional flow-through systems, especially in terms
of the control as well as possibility of reducing water consumption and waste release.
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Figure 1. Recirculation aquaculture system for tilapia production exploited in PISCIS company. 
On the other hand, it is also remarkable that there is no biogas plant in Ceará region, 
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farming and from tomato and lettuce cultivation responds to the challenges caused by the 
water shortage and to what extent it provides new business opportunities for the local 
economies in the Ceará region. 
2. Methodology 
In this work, a production of biogas from agri- and aquaculture wastes and residues 
of the Ceará industry is demonstrated. The methodology section presents technological, 
economic assumptions compiled together with data regarding a production of 
commercial goods of PISCIS with information about feedstock available for the biogas 
production in a new anaerobic digestion facility. 
2.1. Technological Approach 
2.1.1. Case Study 
The analysed case study is based on current activities, i.e., the oil production from 
the tilapia viscera. The considered scenario seeks to preserve the key activity of the 
company by expanding the enterprise’s offer of fish filleting and a production of prawns, 
lettuce, and cherry tomato. The feedstock used for the biogas production is composed of 
viscera oil production waste residues from the fish filleting mixed with wastes from 
prawns farming and lettuce and tomato cultivations. The considered scenario is 
schematically presented in Figure 2. 
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n the other hand, it is also re arkable that there is no biogas plant in Ceará region,
since this state is one of the pioneer states in Brazil in develop ent of renewable energies,
bei first to have a com ercial wind farm, in 1999, and the first commercial sol r farm,
installed in Tauá in 2011. Hence, renewabl source hav a strong impact in Ceará’s energy
matrix [17]. This work seeks to fill the gap and aims to demonstrate a real industri l scenario
of conversion of wastes and residues to value-added application in the specific enterprise in
Brazil. In this context, this work shows how b ogas production as a valorisation approach
of the organic residue and waste fractions from tilapia and prawns farming and from
to ato lettuce cultiv tion responds to the challe ges caused by the water shortag
and to what exte t it provides new business opportunities for the local economies in the
Ceará regio .
2. Methodology
In this work, a production of biogas from agri- and aquaculture wastes and residues
of the Ceará industry is demonstrated. The methodology section presents technological,
economic assumptions compiled together with data regarding a production of commercial
goods of PISCIS with information about feedstock available for the biogas production in a
new anaerobic digestion facility.
2.1. Technological Approach
2.1.1. Case Study
The analysed case study is based on current activities, i.e., the oil production from the
tilapia viscera. The considered scenario seeks to preserve the key activity of the company
by expanding the enterprise’s offer of fish filleting and a production of prawns, lettuce,
and cherry tomato. The feedstock used for the biogas production is composed of viscera
oil production waste residues from the fi h filleting mixed with wastes fr prawns
farming and lettuce and tomato cultivations. The considered scenario is schematically
rese ted in Figure 2.
2.1.2. Anaerobic Digestion Installation Consideration
The biogas installation analysed in this work is constituted by container-skid con-
struction, initial tank with a mixer, substrate pump system, biogas cleaning system, biogas
flare, automation, biogas tank, and fermentation tank. Such installation can process up
to 140 m3 of biogas daily with a caloricity of 70% methane. The electricity generators,
especially for low biogas quantities, are characterised by low efficiency (e.g., 25–30%); thus,
instead of electricity production, a gas chiller for cooling energy production able to serve
for preservation of food products obtained by the enterprise was considered in this work.
Efficiencies of gas chillers are usually higher than electricity generators. For a considered
scale, the efficiency of gas chillers is at the level of 68%, giving 36.3 kW of cooling energy
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with a continuous operation mode or 72.6 kW of cooling energy with a peak system work
according to the needs for a 12 h work regime [18].
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considered scale, the efficiency of gas chillers is at the level of 68%, giving 36.3 kW of 
cooling energy with a continuous operation mode or 72.6 kW of cooling energy with a 
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2.2.1. CAPEX and OPEX 
In the economic analysis, the CAPEX of the biogas plant including gas chiller for 66.5 
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considered to be at the level of 10% of the equipment cost. A total investment cost was 
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Brazil were taken from elsewhere [20], and the local production cost was given by PISCIS 
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cooling energy was determined on the basis of information presented elsewhere [21], and 
the substitution of mineral fertiliser [22] was assumed to determine the price of digestate 
(biofertiliser). 
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2.2. Economic Assumptions
2.2.1. CAPEX and OPEX
In the economic analysis, the CAPEX of the biogas plant including gas chiller for
66.5 k€ together with transport to the installation site, local customs, and installation
itself was considered to be 90.8 k€ [18]. Furthermore, associated construction works were
considered to be at the level of 10% of the equipment cost. A total investment cost was
established to be 97.4 k€. OPEX was estimated at the level of 5% of the total installation
cost, i.e., 4870.04 €/yearly. The bank loan for 5 years (60 months) with a fixed rate of 7%
per annum for a total value of investment was considered, too.
2.2.2. Goods and Commodities Costs nd Price
The information about the production costs and related sale prices of prawns and
tilapia and its derivatives (tilapia fillets and viscera oil) as well as waste disposal costs
were obtained from locally operated PISCIS [19]. The wholesale prices of vegetables in
Brazil were taken from elsewhere [20], and the local production cost was given by PISCIS
on the basis of their long-lasting experience in the considered region [19]. The cost of
cooling energy was determined on the basis of information presented elsewhere [21],
and the substitution of mineral fertiliser [22] was assumed to determine the price of
digestate (biofertiliser).
2.2.3. Economic Indicators
On the basis of the obtained results, the net present value (NPV), internal rate of
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2.3. Production Data
2.3.1. Main Commodities Manufactured by PISCIS
To support the economic analysis, the production scale of tilapia, prawns, lettuce, and
tomato of PISCIS enterprise is presented in Table 1.







2.3.2. Biogas Feedstock Availability
On the basis of information about the tilapia, prawns, lettuce, and tomato production
given in Table 1, the amount of wastes and residues envisaged to be available as a feedstock
for the biogas production was calculated and the results are collected in Table 2.
Table 2. The feedstock availability for the biogas production.
Description Value Unit Reference
Fish production cycles per year 2 - [19]
Viscera content in fish 10 % [19]
Oil extraction yield from viscera 35 % [19]
Density of pure fish oil 0.87 kg/L [23]
Dry matter content of effluent from oil extraction 8 % [19]
Fish wastes from filleting not considering viscera 50 % [19]
Dry matter content of tilapia filleting wastes 76 % [24]
Dead fish rate 5 % [25]
Prawns waste rate 40 % [19]
Dry matter content of prawns’ shells 22 % [26]
Lettuce weight 0.30 kg/unit this work
Lettuce waste rate 20 % [19]
Dry matter content of lettuce 17 % [27]
Tomato waste rate 20 % [19]
Dry matter content of tomato 17 % [28]
2.3.3. Biogas Production Facility Assumptions
Table 3 resumes the information about the requirements regarding the feedstock for
biogas production unit. The theoretical biogas yield and methane content were established
at the very conservative regions in comparison to other typically used feedstocks [29] or
for fish residues [30,31].
Table 3. The biogas production facility requirements.
Description Value Unit Reference
Days of operation 365 days/year
Operation hours 8760 h/year
Maximal dry matter (DM) content in
biodigester 12 % [18,21,29]
Organic dry matter content in DM (ODM) 90 % [21,29]
Dry matter content used by bacteria for growth 5 % [21,29]
Biogas yield 400 m3/t DM average value from [29]
Methane content 70 % [29]
Energy in 1 m3 biogas 6.5 kWh [29]
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3. Results and Discussion
The technical and economic feasibility of the analysed case study was performed
considering the production scale of main products and the corresponding amount of
feedstock for the biogas production. Figure 3 demonstrates the Sankey diagram including
main PISCIS product streams and corresponding streams of wastes and residues available
for valorisation via biogas.
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As shown in Figure 3 and from data given in Tables 2 and 3, the overall volume of
wastes available for biogas product was estimated at the level of 482 kg/day with a dry
matter content of 48.7%. Considering the biogas production yield as given in Table 2, the
established amount of wastes and residues from PISCIS activity would allow generating as
much as 125–140 m3/day of biogas. Hence, pondering a potential electricity production
in a continuous operation mode, ca 11.5 kWe, i.e., 89 MWh yearly, would be produced.
Even when considering the semi-continuous regime, i.e., 12 h/day, the amount of biogas
produced would allow increasing the co-generation unit efficiency (31%) and consequently
28 kWe at peak period (during referred 12 h/day) would be obtained. In this case, the
annual electricity production would be as high as 97.5 MWh. Still, as the electricity co-
generation unit efficiency is moderate, the analysed case study considers a possibility to
generate the cooling energy as a utility for a better preservation of PISCIS products. In
such a situation, in a year scale with a 12 h/day regime, the obtained biogas could allow
generating ca. 26.1 MWh/month of cooling energy. Another important aspect of organic
wastes and residues valorisation via biogas production is a co-production of digestate. The
produced digestate (35 kg/day) can be used as a biofertiliser for agricultural management,
bringing benefits for agriculture and improving the environment by replacing the use of
artificial fertilisers. Fertilisation of arable fields with digestate is characterised by high
bioavailability of nitrogen compounds (nitrogen ammonium), which are easily absorbed
by root systems of vegetables and other plants. The most important effect related to
the use of digestate is the impact on the increase in the yield of plants fertilised with
digestate, which will improve the economic results of agricultural activity and additionally
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reduce the need for mineral fertilisers. This in turn reduces the costs of vegetable or crop
production. Simultaneously, the use of digestate reduces the expenditure incurred on
agriculture production carried out on the farm.
Besides the cooling energy and biofertiliser production, the collected mass and energy
balances allowed determining the economics of the considered case study and the results
are resumed in Table 4.
Table 4. Cost-gain balance from the PISCIS production considering the outputs from biogas produc-
tion facility (monthly scale).
Amount
Cost Gain Profit Savings
€/unit € €/unit € € €
Fish fillets (t) 4.96 1515.15 7513.64 2727.27 13,524.55 6010.91
Viscera oil (t) 0.42 175.90 73.78 383.14 160.71 86.93
Fish residues a (t) 9.12 4.55 0.00 0.00 0.00 0.00 41.46
Prawns (t) 2.00 2272.73 4545.45 3030.30 6060.61 1515.15
Prawns residues a (t) 1.33 4.55 0.00 0.00 0.00 0.00 6.06
Lettuce (t) 4.76 353.50 1682.66 454.50 2163.42 480.76
Lettuce residues a (t) 1.19 4.55 0.00 0.00 0.00 0.00 5.41
Tomato (t) 16.67 37.08 618.01 545.45 9090.91 8472.90
Tomato residues a (t) 4.17 4.55 0.00 0.00 0.00 0.00 18.94
Cooling energy (GJ) 94.08 3.69 346.90 12.63 1188.00 841.10
Biofertiliser b (t) 1.05 0.00 0.00 333.33 350.00 350.00
TOTAL 14,780.43 32,538.19 17,757.76 71.87
a residue neutralisation cost; b biofertiliser is a sub-product of the biogas plant; therefore, its production cost is
not considered as it is indirectly demonstrated in the production cost of electricity and heat.
The results presented in Table 4 show that main products of PISCIS, i.e., fish fillets,
tomato, prawns, etc., are main source of revenues, as they constitute as much as 93% of
all profit. The cooling energy and biofertiliser even together with savings from residue
neutralisation avoidance are only a minor part of profit (less than 7%). This confirms that
anaerobic digestion of organic waste is more an environmental commitment with society
rather than real source of economic benefits. Consequently, on the basis of this observation,
the economic feasibility of the biogas installation was studied taking into account the
biogas facility outputs, i.e., cooling energy and fertiliser, as well as on the CAPEX and
OPEX. The results of this analysis are presented in Table 5.
As shown in Table 5, overall yearly cost for the first 5 years of running of biogas
production facility is 12,858.02 € higher than gains from the biogas plant outputs, i.e.,
cooling energy and biofertiliser as well as avoidance of wastes naturalisation cost. The
main reason for this is that the entire investment cost together with a bank loan cost are
paid back with the first 5 years of the biogas production plant running. The investment cost
constitutes over 71% of the total annual cost during the first 5 years of operation. Once the
bank loan is paid and the investment cost is also depreciated, the economics of the biogas
facility changes. The operation cost from the 5th years on equals to 9032.79 € whereas gains
are 10 k€ higher (19,318.45 €). This change is especially visible analysing the shape of the
profit curve, which within the first 5 years of the operation demonstrates a negative slope
(slope = −12.858 k€/year), while starting from the 5th year, the angle coefficient of profit
curve turns to be positive (slope = 10.286 k€/year).
The biogas production gains and costs allowed a calculation of the NPV. The NPV for
discount rate (i) i = 0% and the relation between NPV and various i is given in Figure 4.
The obtained results allowed calculation of IRR that, for the considered case study, is
equal to 6.2%.
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Table 5. Economic balance of biogas facility (year scale).
Gain (€) Cost (€) (Y1–Y5) Cost (€)(Y6–Y20)
Waste neutralisation avoidance 862.45
Biogas plant output a 18,456.00 4162.75 4162.75
Investment (CAPEX + bank loan cost) 23,143.68
OPEX 4870.04 4870.04
TOTAL 19,318.45 32,176.47 9032.79
a cooling energy and biofertiliser.
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calculated and is as high as 77.8%, which is comparable to what is presented in literature
for biogas production from fish residues and manure (ROI = 51%) [32]. The obtained
results confirm that the considered case study can be a case of success in the Brazilian
panorama either from the technological, environmental, or economic point of view. Similar
results were also demonstrated in literature for other facilities either for Brazil or for other
countries. As already stated, the biogas potential in Brazil is huge, and the main reason
for this is that the pool of potential market size is large and the rate of adoption of biogas
technology as an approach for the valorisation of wastes and residues is still very low [11].
Furthermore, when the biogas adaptation approach is extended beyond the electricity
and biofertiliser production and to include the cooling energy production for industrial
use or the renewable natural gas [15], the level of penetration of Brazilian and other
markets can be even bigger. Besides the end-use side, also the feedstock side can be widely
enlarged by involvement of fish residues [16] beyond the traditional poultry residues,
manure [33], and food wastes [34]. It is because the biogas production from fish-type
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feedstock garners more and more attention, chiefly since literature data demonstrates that
the biogas production rate from fish is as efficient as from poultry manure, i.e., 370 mL/g
vs. 390 mL/g, respectively [35]. When analysing the specific fish residues, Fonseca et al.
went even further and reported the biogas and methane production for all types of tilapia
processing residues. After fillet separation, the remaining part of the tilapia were head
(26.4 wt.%), carcass (15.3 wt.%), viscera (7.3 wt.%), fin (9 wt.%), skin (3.7 wt.%), and scale
(2.9 wt.%). The highest biogas productivity was observed for viscera (402 L/kg of fresh
matter), whereas considering the fresh matter content per amount of specific type of
residues, the highest potential lies in heads and carcasses with 261 and 222 L/kg of fresh
matter, respectively. For a mixture of all tilapia residues, the cumulative biogas production
was as high as 258 L/kg of fresh matter, and methane content was 125 L/kg of fresh
matter [30]. Similar results were reported by others [16] proving that the head of tilapia
reveals the highest methane production of 321 mL/g COD (chemical oxygen demand),
while fish residues in total showed the methane potential as high as 308 mL/g COD. This
data confirm that use of tilapia residues from fish filleting and viscera oil production wastes
are interesting raw material for valorisation via biogas production.
From a wider perspective, either in Brazil or in other countries, biogas production
can be seen as a part of the broader concept. For example, Winquist et al. determined four
main reasons for biogas strategy deployment. They are environmental services, source of
biofertiliser and biochemicals, energy production, and GHG emission reduction with an
improvement of air quality, especially in cities [36]. In this context, use of biogas as a part of
a circular economy with production of value-added commodities and/or utilities as cooling
energy is the most attractive option in zero-waste approach [37,38]. Nevertheless, biogas is
currently mainly used to produce electricity and heat. Encouraged by the implemented
renewable energy policies (incl. more than 200 support schemes and incentives), the
EU has become the world leader in biogas electricity production with more than 10 GW
installed in 2015 [39]. However, significant cost reductions for wind and solar photovoltaics
and their better environmental performances affect the future potential for biogas use
in the electricity sector [40]. In various member states (incl. the Netherlands, Germany,
and Italy), this results in support schemes for biogas electricity production falling short
in the competition with wind and solar. In addition, in some countries, such schemes
are even expiring without successors being introduced. One of the applications might
be the use of biomethane as transport fuel [41] because long-haul transport segments
such as the maritime industry are hard to electrify in a short-to-medium term, and, as
such, they offer an ideal destination for the valorisation of the available biogas streams [42].
Furthermore, the maritime industry will soon be included in the EU’s climate action policies
and regulations by which the demand for sustainable solutions will grow significantly.
In addition, biomethane produced via anaerobic digestion has tremendous potential to
contribute to meet the Paris Agreement goals [43]. Especially with increased deployment
of other renewable energy technologies and the shift away from coal in energy generation,
the emission factors of the grid energy are likely to improve. This will counterbalance the
unit GHG-abatement benefit from energy generation via anaerobic digestion, especially
since use of biogas contributes to GHG abatement in a number of forms: avoided emissions
from fossil fuel burning, avoided emissions from inorganic fertiliser manufacture, avoided
landfill emissions from food waste digestion, avoided emissions from manure management,
and avoided emissions from burning of crops. Based on the aforementioned considerations,
a SWOT (strengths, weaknesses, opportunities, and threats) analysis was performed, and
the result is presented in Table 6. The SWOT analysis demonstrates that the strength
of these technologies provides a way for sustainable management of organic waste and,
at the same time, reveals the most environmentally beneficial technology for bioenergy
production. The weaknesses related to the effective and efficient performance of the process
control also yield stability depending on the process. There are several opportunities that
could contribute to the decrease of these weaknesses and the avoidance of some of the
threats, among which is a high, unexploited potential and a broad range of potential
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applications associated to the accomplishment of the national and international climate
and energy-related goals.
Table 6. The SWOT analysis of biogas implementation, prepared on the basis of this work and results presented elsewhere [44–47].
Strengths Weaknesses
Availability of the raw material (organic waste) on a local scale,
without the need to use any emission-related transportation Moderate to high investment cost, requiring a bank loan
Decreasing the negative environmental impact of organic waste Long payback period, difficult to operationalize for asmall business
Lowering GHG emissions thanks to production of energy from
organic waste instead of using electricity from the electricity
grid, mainly in Brazil produced from crude oil
The profitability of the planned investment longer than 2 years
is unpredictable in condition of small Brazilian company
Environmentally friendly waste management in a small
company and avoiding contamination of water and soil with
post-production organic waste
The introduction of technological and organizational
innovations, generating many challenges for the company
Closing the production cycle accordingly to the circular economy
paradigm with the use of bio-waste and any organic residues
The need to take a business risk when the company’s financial
resources are limited
Diversification of the company production and introduction to
the market a new product—a natural fertiliser, produced as a
by-product of biogas production
Lack of sufficiently qualified staff in the field of bioprocesses
and biogas production control
Building the company’s energy independence and energy
security of production, sensitive to temperature rise
Lack of knowledge and experience of management in the field
of the new business model
Self-sufficiency in terms of clean, green energy
provision for cooling Hardly profitable for small scale of biogas production
Increasing the company staff’s competences with bioprocess
skills and logistics and biogas production processes control
Inconvenient location of the biogas plant in context of its
possible development and expansion due to the large distance
from other agri-food producers and potential providers of
source for biogas production
Building a positive image of the company as modern and
environmentally friendly, which will translate into the
company’s business position
The need to integrate the gas production process technology
line with the company’s production complex
Joining the implementation of national and international
climate and energy goals Different yield of biogas production for different feedstock
No direct control of the system performance
Technological difficulties in management, control, and
stabilization of the technology of small-scale biogas production
from feedstock with variable composition
Opportunities Threats
Well-known and tested technology for large- and medium-scale
biogas production Low profitability of small-scale biogas production
Alternative to fossil energy sources Relatively low level of innovation in biogas productiontechnology
Broad range of potential applications of biogas and fertilisers No ground-breaking innovations in scope of biogas technology
Decentralisation of energy production, shortening the energy
transportation and relieving the Brazilian energy grids
Limited subsidies and grants in Brazil (including those from EU
and overseas)
Raising the global and Brazilian awareness of importance of
national and international climate and energy-related
goals implementation
Other renewable energy sources
High unexploited potential of Brazilian agro-food companies Low to moderate level of social awareness of potential of biogasproduction
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Table 6. Cont.
Opportunities Threats
Regional and rural development thanks to the implementation
of circular economy on a local scale Legal restrictions on use of biofertiliser
Acceleration and development of realization of national climate
and energy goals Low price of fossil counterparts
Mitigation of global climate changes. Protection of soil, water,
and oceans
Ongoing research/no satisfying technological
recommendations/in scope of problems of management,
control, and stabilization of the technology of small-scale biogas
production with a variable composition of organic substrates
Chances to create cooperation networks and energy
cooperatives on biogas production on local scale
Possibility of benefitting grants or subsidies from external
financing sources dedicated to mitigation of climate changes
Possibility to take advantage of the European experience within
the framework of EU aid programmes and the Green
Deal initiatives
In addition to SWOT analysis, a political, economic, social, and technological (PEST)
analysis was made considering the factors affecting the implementation of biogas. The
result of it is described in detail in Table 7.
Table 7. The PEST analysis of biogas implementation, prepared on the basis of this work and results presented elsewhere
[7,44–46,48,49].
Political Economic
Green light for renewable energy sources development on
global, national, regional, and local levels
Implementation of circular economy paradigm in practice of
small Brazilian company
Biowaste treatment regulations The need to compete with other renewable energy sources interms of profitability
Long-term energy tariffs and electricity prices,
development-friendly green energy Energy independence in local scale
Political efforts to mitigate climate change Diversifying the production of small agri-food companies
Permits needed for the use of bioproducts Widely distributed technology contributing to localdevelopment
National and international climate and energy obligation (e.g.,
Paris Agreement [43], RED II [50]) Entrepreneurship development
Social Technical
Lighthouse for the sustainable development of local societies in
Brazil
Increasing the technological advancement of agri-food
companies
Waste recycling in circular processes, engaging local
communities Development of new pre-treatment methods
Raising the knowledge and competences of managers and
employees of small agri-food companies Coupling with other more advanced application
Social responsibility for the condition of the natural
environment Increase in methane content in biogas
Social local networks for development of green economy Limited knowledge about the specificity of biological processesoccurring in the anaerobic digestion
Use of renewable energy sources in everyday life
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Regarding the economic and technological factors affecting the technologies for biogas
production, the most important ones are that there are large quantities of resources (organic
waste) for these technologies and a good background for investment and innovations in
the sector in new systems for control and pre-treatment methods. On the other hand, other
more profitable opportunities for investments in renewable energy sources coupled with
current electricity prices are the main barriers in wide biogas implementation.
4. Conclusions
This work presents the potential valorisation of wastes from the agro-industrial com-
pany directly affected by the climate changes strongly noticed in Brazil. The potential
implementation of the proposed action drives to the reduction of yearly burden on the
environment with organic waste in the amount of 189.74 of tonnes yearly and production
of 94.08 GJ of cooling energy and 1.05 tonnes of biofertiliser monthly. As the Ceará region
is affected by climate changes, the valorisation of the agriculture and aquaculture wastes
and residues is of the greatest importance for environment protection, whereas the main
activity of PISCIS is production of viscera oil, tilapia fillets, prawns, lettuce, and tomato.
Waste management utilization of environmentally friendly technologies should im-
prove the quality of business not only for the specific company, but also it will be a
lighthouse for other Ceará region food-processing companies. Furthermore, the presented
systemic approach of small-scale biogas production and the production of fertilisers using
agri- and aquaculture wastes and residues by a small company in Brazil can be a significant
stimulus for transformations in low-efficiency and low-technology sectors of the economy
in countries with a low or average level of development, such as Brazil. The use of any
organic waste for electricity generation can be seen from the perspective of environmental
advantage, namely a reduction of waste in landfills and in the ocean, an increase in eco-
nomic effectiveness, and production stability, i.e., saving cost of energy, reducing volume
of transport fuels, and the reduction of CO2 emissions.
The challenge for the scientific community, but above all for the global economic
ecosystem, is therefore to answer the question of how to properly develop economic activ-
ity in low-income countries in accordance with the circular economy paradigm without
draining natural resources. It is of a particular relevance now, when a pandemic situation is
introducing a new model of life for societies that is more reliant on local production capaci-
ties exploiting endogenous resources rather than on global markets with long worldwide
production chains.
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